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(Continued) 


By Henry C. Henricksen. 


PROBABLE LOSS OF FERTILIZERS. <= In the Loss of fertilizers after being 
applied the following factors are involved: (1) The amount of water supplied 
by precipitation or irrigation within a given period of time; (2) the chemical 
composition of the fertilizer and soil; (3) the amount of fertilizer applied 
at one time; (4) the physical condition of th soil and the inclination of the 
terrain. 

THE WATER SUPPLIED. - The importance of the amount of water reaching 
the surface of the soil in relation to the loss of fertilizers by leaching or 
percolation may bo illustrated by the following concrete example: In a clay 
soil containing 65% colloidal matter, the trees have a spread of 20 fect and 
the fertilizer is applied under the branches. The wight of this soil is 40 
Kg. por cubic foot and the water-holding capacity 30% of tho weight. The 
question to be answered is how much rein may fall or how much irrigation ett te 
may be applied before fertilizor salts will be carried down below the feeding 
roots. This question may be answored by mcans of the following calculations. 


With the roots covering an area which is a circle 20 feet diameter, 
the total root arca will be 314.16 sq. ft. 


The fecding roots being in the upper 8 inches of soil the root 
inhabited soil mass will be 209.44 cubic feet. 


At 40 Ke. per cubic foot the air-dry soil in the root area 
will weigh $377.6 Kg. 


With a wter-holding capacity of 30% that volume of soil will 
bo saturated with 2513 liters, or 664 gallons. 


In percolation the rule is that the fluid applied replaces an equal amount 
of that present. Thsrefore, it should be possible te apply 2500 liters of 
water to this 314 square foot of soil after fertilizing without any of the 
soluble malts boing porcolatod belowth uppor 3 inch limit. But practical 
exporicnce with soils shows that some porcolation takes place with an appli- 
cation of three-fourths or less of the water~holding capacity. In this case 
nono of the salts applied wore carricd below the 38 inch limit when 1400 to 
1500 liters water was addod, or 4.72 litcr por square foot, ¢qual to 2 inches 
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In dealing with soils different from the one here conaidered the above 
calculations apply provided the weight and water-holding capacity of the air- 
dry soil is known. 

THE CHEMICAL COMPOSITION OF TH FERTILIZER AND SOIL. - The tendency in fer- 
tilizing nowadays is to use concentrated salts Rice are mostly water-soluble; 
henee the importance of controlling the water supply after fertilizing. For- 
tunately most soils are not merely filters through which the fertilizer salts, 
in solution, may pass without change in quantity or quality. In fact most 
soils are so complex tlat with present knowledge it is not art possible to 
predict the changes that may take place in a fertilizer after it has been ap- 
plied. It is know that orgmic mtter is more or less retentive; that bases 
in the soil, suchas calcium, are replaced by bases in tho fertilizer, such as 
ammonium and potassium: that bases in the soil such as calcium, magnesium, 
manganese, iron and aluminum, combine with phosphoric acid forming salts which 
are not water~soluble. 

On the tasis of this general knowledge a number of citrus soils vere 
examined for the purpose of determining their retentivity towards the various 
fertilizer salts. Moasured soil areas in the field wore enclosed by covered 
frames. Fertilizers were applied within the frames and measured volumes of 
water were added from timc to time. Soil samples from these arcas wore ana- 
lyzed from timo to time and soil samples of the same types as that within the 
frames were air~driod, pulverizod and used for percolation eo rnerte in the 
laboratory. The rosults from this work indicate what may be expected to take 
place aoe ficld conditions. 7 

In the ¢xperiments, field as well as laboratory, the fortilizor formula 
6-8-10 was used as the basis, applied at th rate of 30 lbs. per troc, because 
that approaches what many plantors are applying to large trees. Thirty pounds 
of a 6-8-10 mixture supplies 819 gr. nitrogen, 1090 gr. phosphoric acid, P.0., 
and 1361 grams potash, KO. If that is applied on the outor 5 feet of a 20 
fect circle it will cover 236 square fect, ths soil of which, to a depth of 
8 inchs, will wigh 6294 Kg., at 40 Kg. por cubic foot. Consquently the fer- 
tilizing is at the rate of 130 mg. nitrogen per Kg. soil, 173 mg. POO. and 
| aL6 mg. Ko0, which may also pe Sxpressed part per million, abbreviated ape 
The water was always applied in portions corresponding to the total water- 


holding capacity of the soil. 
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NITRATE NITROGEN. = When nit rogen is present in fertilizers He nitrates it 
occurs, usually,in the forms of sodium, potassium or calcium nitrate, which 
salts are readily soluble in water. No great guantity of nitrate nitrogen is 
retained by ay soil. In the clay soil, formerly mentioned, the probable 
percolation through the upper 8 inches will be 50% or more of the quantity 
applied if water ‘anounting to three-fourths of the soil's water-holding capa- 
city is applied shortly after fertilizing, and about another 25% if a similar 
application is mado within a few days. In other words the probable loss from 
tho upper 8 inches of that wil, under a 20 ft. tree as described abovo, will 
be about 1 lb. nitrogen by an application of 6 liters water per square foot, 
or a rainfall of 2.55 inches. And another rain following shortly after will 
be liable to eae about one-half pound nitrogen, leaving but two to three 
ounces of tim, nearly, 29 ouncds applied. 

How much the tree roots may remove within a giyen time is not yet clear 
but the indications are that the quantity is considerable. Several soil sam- 
ples from among roots of large trees wre examined and only few ppm nitrogen 
were found three to six weks after fertilizing, That pmse of the problan 
will be reported upon later. 

AMMONIA NITROGEN. we» Nitrogen in the form of ammonia occurs in fertilizers, 
usually as sulphate or phosphate which salts are yater~soluble. It is absorbed 
and hold with considerable tenacity by the colloidal matter of the soil so that 
even very heavy rains remove but a small percent of tho amount applied in the 
fertilizer. The replaceable lime in the soil is of much importance in this 
respect, and most of the clay soils examined contain sistas replaceable 
form to make the ammonium loss negligible in the drainage water from a rainfall 
@qual to the soil's water-holding capacity. If, howver, rains fall equal to 
twice the water=holding capacity of the wail the ammonia loss may amount to 
upwards of 20% of the amount applied mless the replaceable lime content is 
much largor than what it usually is, but, calculated on & clay B0ily such pre- 
cipitation is unusual, 

pel After a few days the ammonia begins to nitrify in the soil, that is, it 
changes into nitric acid whichis subject to loss by leaching, similar to that 
of the nitrates formerly mevtioned. But although nitrification starts soon 
after fertilizing,all of the ammonia applied is not necessarily converted in 

a short time. In these experiments where ammonium 3ulplete was applied in 

go ve red frames, appreciable amounts of nitrates woe icund after a few days, 
yot en ammonia was present after six weeks. Which shows that loss of nitro- 


gen, by leaching, is very much less with ammonia than wth nitrates. 
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The question is often asked, what is the probable loss of fertilizer 
salts by cvaporation when the fertilizers are not covered by soil? The answer 
is: None of tho salts are volatile. Ammonia may escape into the air if there 
is much lime on the surface of tho soil, but it is not volatile wtil it is 
liberated from its acid bond. . 

PHOSPHORUS. - The phosvhorus is present in fertilizers as phosphoric acid 
which is usually combined with calcium, potassium or ammonium. The two lattor 
combinations are water-soluble as is also one form of calcium phosphate. The 
loss from leaching is therefore a possibility and undoubtedly some loss takes 
place in the sandy soils tt are deficient in colloidal matter. But from the 
clay soils, as well as the sandy sils containing some clay, the loss is neglig- 
ible according to the results from the percolation and covered-frame experi- 
ments. 

The main Loss of phosphorous is usually due to chemical combinations with 
bases in the soil from which plants cannot recovor it. To wmt extent that 
takes place in the soils under consideration is not pein the scope of this 
article. But the iron and manganese content was found to be sufficiently high 
in all of them to provide for possible combinations of phoghates that may 
supposedly to slowly or entirely ina®ailable to plants. 

POTASSIUM. = The potassium is usually present in tdriaiiceve in combination 
with one of tho following acids: sulfuric, hydrochloric, nitric, phosphoric 

and occasionally carbonic. These salts are all water-soluble but like ammonia 
the potash is held by the colloidal matter of the soil and it replaces lime. 
The results of these experiments show that the loss of potash by leaching is 
negligible provided the soil contains considerable colloidal matter and  re- 
placeable lime. 

CALCIUM, «= WhiLo calcium is prescont in commercial fertilizers only as a by=~ 
product it may properly bo mnsidored in this paper for it is as necossary to 

a citrus tree as are any of th, socalled, fertilizer clements. But aside from 
that it ia, as montioned previously, vory important in connection with leaching 
of ammonia and potash. Most of the soils cxamined were found to contain some 
leachable lime, for instance the clay soil, montioned proviously, yiclded in 
the first porcolato 22 ppm Cad, but the second percolato none. Aftcr applying 
an ammonia or potash salt, and continuing tie percolations, ae first porcolato 
containod 25 ppm, the sccond 45 ppm, the third 22 ppm, the fourth 10 ppm, and 
the fifth 4 ppm. Which shows that a small cmount of tho lime present would be 


lost in the first rain, but the rest of it the soil wis capable of holding, at 
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Least. until it-should .be come mare.soluble. Yet the soil was-not-capable of 
retaining it after the ammonia or potash salts were applied. Seventy ppm were 
leached out in the first two percolates corresponding to 8 inches of rain and 
corresponding amounts of the other salts were rotained by the soil. 

The importance of lime in relation to phosphoric acid is also wrth con- 
sidering. It converts the water-soluble monobasic phosphate into the insoluble 
tribasic form which is undesirable. Yot tribasic calcium phosphate is more 
readily available to plants than are the iron and aluminum combinations and 
probably the latter feature outweighs the former. 

THE AMCUNT OF FERTILIZER APPLIED AT ANY ONE TIME. - Soils containing an 
abundance of colloidal mattoraid replaceable bases aro capable of retaining 
considerable quantities of ammonia, potash and phosphate, and in many cases the 
loss of these ingredients by leaching may not be much greater whnon 30 to 60 lbs. 
are applied por tree than if only 15 pounds wore applied. But in most cases 
tho loss is liable to be comparatively groat if very heavy rains fall shortly 
after the fortilizer has been applied. In the case of nitrate nitrogen there 
is no question but what the loss will be great under those conditions. Ho w 
best to procecd is Largely a local problem. If heavy rains are not to ke fear 
ed large applications may be mado, [f, on the other hand, heavy rains may be 
expected the question becomes one of the probable value of the fertilizers lost 


by leaching, against the cost of mking one or moro cxtra applications. 
THE PHYSICAL CONDITION OF THE SOIL AND THE INCLINATION OF THE TERRAIN, 


It is superfluous to state that water runs dow hill and that aside from 
gullying the soil it carries with it all the wator~soLuble matter. In some 
soils erosion is lessa problem than in others due to the rapid absorption of 
the rain-water as it falls. Some of tho tobacco soils on the stccp hills in 
the Comerio district, which mye been under cultivation for many years, may be 
pointed to as an example. Im somo of the heavy clay soils erosion is not as 
serious a problem, while tl soil is covered with yogetation, as it is after 
the vegetation is ranoved, which is not due entirely to the fact that ve go- 
tation arrests ti soil but partly so to the more or 168s porous condition of 


a soil permeated by plant roots, 


This naturally suggests a systom of cultivation in which the sod botyween 
the trees is loft undisturbed. All of the fortilizor will naturally be applied 
on the hillside above the treo, especially in view of the fact that tho main 
portion of th roots are thero, a8 oxplaincd in tho first part of this article. 
If a ditch is dug, rwmning crosswise of the slope between the troos, for the 
purpose of catching the rum-off, it should profexably be close enough to ono of 
the rows to Allow the roots of the trees in that row to got the benefit from 
it. Naturally, a heavy mulch aroud the trees will greatly minimize the run- 
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